Script for mathematical modelling of tandem mass spectrometric data with R ("Script_1_MS2_Fragment_Modeling_Analysis.txt").
Oemer et al.
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Supplemental Figure 5 : General data analysis strategy: MS1 data is used for cardiolipin identification and quantification (Fig. 1B) , MS2 for extracting and solving PA profiles (Fig. 2B ).
PA->FA modeling allows predicting individual FA compositions. FA->CL and PA->CL prediction using stochastic and symmetric CL construction models serveed as internal quality control (QC) for the extracted data.
Molecular structural diversity ofmitochondrial cardiolipins 10/48 Oemer et al. CLs were characterized in 13 different organisms. For some species different tissues, growth conditions, sex, or growth phases were measured in replicates (n=3-6, total of 26 conditions, Table   S3 ). Quantified CL data for one sample per organism is depicted in analogy to Fig. 1B . The number of main CL species accounting for 95% of total CL mass is given as n CL95% .
Oemer et al. Fig. 2F ).
[Raw Data]
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Sample dilution
A. Dissolve the lipid extracts in the mobile phase composition (38/62% running solvent A/B) and transfer to brown glass autosampler vials (usually in 50 or 100 µl).
B. For quality control, pool 5-10 µl of each sample to generate a QC sample.
C. Prepare Blank samples that consist of the starting composition of the mobile phase.
High-Resolution Respirometry -Mitochondrial function in intact and permeabilized cells (performed by Oroboros Instruments)
Oxygen consumption of HeLa cells was measured by High-Resolution Respirometry with the two chamber Oroboros Oxygraph-2k (O2k, Oroboros Instruments, Austria) and the software DatLab by azide (100 mM). Auto-oxidation was subtracted from the total rate to obtain CIV activity (7) .
In SUIT 2 permeabilization of cells was followed by adding pyruvate (5 mM) and malate (2 mM Fisher Scientific Inc) continuously evaluates the full scan survey MS data as it collects and triggers the acquisition of MS/MS spectra depending on preselected criteria. In each cycle, one precursor ion with the highest intensity was selected for fragmentation.
Preparation of sample worklists
A. Set up the sequence of sample to start and end with Blanks and use them to rule out potential cross-contaminations. Also place a Blank after every 3-5 samples.
B. Measure one QC sample for every 6-10 samples in the sequence and a minimum of 5.
Oemer et al. F. For each sample run the HPLC gradient starts with 5 min isocratic 62% solvent B followed by a 7.5 min gradient to 74% solvent B. Next complete elution from the column is ensured with a step to 99% solvent B within 0.5 min for 4 min and subsequent re-equilibration at 62% solvent B min for 1.5 min. The flow rate was 0.4 ml/min for 13 min, then ramped up to 0.6 ml/min within 1.5 min and kept there for 2.5 min. For re-equilibration the flow rate was decreased back to 0.4 ml/ min within 0.5 min. .. ] and thus serves as the crucial set of constraints required for an automated analysis of MS2 spectra (see equation (1)).
H. Convert the individual MS2 spectra into a vector , following same logical format as ℎ by annotating of normalized peak intensities in a mass tolerance dependent manner. If required conduct a previous mass calibration of MS2 spectra using the fragments recorded for the internal standard CL(14:0) 4 .
I. Construct the final minimization function as the euclidean distance between the theoretical fragmentation model ℎ and the reformatted MS2 spectrum (Equation 2).
J. Apply the general-purpose optimization function optim to minimize equation (2) [1, z] and the ratio 10:1:3 for the fragmentation path efficiencies.
K. Run the optim function using the L-BFGS-B method which is utilizing the limited-memory modification of the BFGS quasi-Newton algorithm (10) . Set the box constraints to [0, 1] in order to account for the profile-nature of the parameters to be optimized.
L. For each MS2 spectra a modeled PG profile is obtained as a result. This includes an annotation with the respective parent cardiolipin species, and the total MS2 intensity values.
M. In order to obtain a PG profile for each cardiolipin species, all solved profiles are weighted according to their MS2 intensities and summed up. If required for illustration purposes project the resultant condensed PG profiles onto their respective double bond and side chain carbon components.
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FA profile modeling
A. Fatty acyl side chain distributions are modeled following an analogue approach as described above (Step 25 (3), which generates the closest pair of fatty acids with even carbon numbers and maximum double bond symmetry.
G. Fatty acyl profiles can be either solved from cumulative PG profiles describing the PG composition in a sample, or for PG compositions of a single cardiolipin species.
